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lETSOrUCTIOH 



A ccnprohensive progrvi.ni of fati,?:-ae tests of riveted 
joints in aluminiiin alloys was r^tartod in 1S35 at the Aluminiim 
Research Lr/borat or ies in order to learn as much as possible 
aoout the "best raethod of de-^ignin.^ aluninum-alloy structurec 
to rei^ist failure from repeated loading;. The scope of this 
invest iej;ati on was made "broad enough to include not only ac- 
tual joints in which load is transferred from one plate to 
another^ "but also specimens in v/hich rivets carry little or 
no stress, as ini^sht "be the case in parts of a structure where 
the rivets are usod only for the purpose of holding?: two or 
more pieces in contact. The machines used in making the 
tests have previously "been descrihed. (See reference 1.) 

This report presents the fatigtie data ohtainod at the 
Aluminum Research Lahorat or ies , from tests of various types 
of 17S-T and 53S-T specimens. These specimens were large 
enough to represent actual service conditions, h^^t the rep- 
etition of loading was more rapid than v/ould occur in ordi- 
nary service. This higher rate of loading v.^as necessary to 
shorten the testing time. 

Two plate materials, three rivet m.aterials, twenty-nine 
types of specimens, and four different stress ratios, have 
hoen employed in the tests described herein. This large 
numher of variables has "boon justified 'bccaxise the study of 
fatigue of rivctod joints was so new that it was necessary 
to hranch out in different directions to ohtain a comprehen- 
sive Icnov/ledge of the fatigue strength of riveted aluminum- 
alloy structures . 

Tests of 48o specimens will "be covered in this progress- 
report. In addition to tests of actual joint specimens, 72 
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of thes3 486 tests have "been nade nsing sintsle plate specij 
mens vihich either- were solid or contained open holes or idle 
rivets. 

MATERIALS 



The specimens for this investigation were constructed 
from 1- hy ?^-inch rolled rectangular har of aluminum alloys 
17S-T (federal Specification Q,Q-A-?5l) and 53S-T (federal 
Specification Q^Q,- A-531 ) . The mechanical properties of the 
bar of "both alloys were above the specified values with the 
exception of the yield strength of 533-T, which was slightly 
low {1.2 percent). 

By using small polished r.pe ciinens cut longitudinally 
from the bar stock, the direct-stress fatigue properties of 
one lot of 17S-T wore determined. As shown in figure 1, the 
endurance limit for stresses varying from zero to a maximum 
in tension is 22, 000 psi barbed on 500 million cycles of 
stress • 

Button-head rivets of 17S-.T. 53S-1^, and steel were used. 
The sizes were l/4, 3/8, l/2, and 5/8 inch. Bolt.-, of 173-T 
having a diameter of 5/8 inch and pins of 17S-T having diam- 
eters of 1, 1'^, and 2*^-^ inches were also used* 

Although this investigation is confined to tests of only 
two aluminum alloys, it is believed that the results, insofar 
as they deal with effect of arrangement of rivets and types 
of Joints, are generally applicable to the other aluminum 
alloys. 



DS3CRIPTI0IT OF JOINTS 



Detailed sketches of the reduced section of the various 
types are shown in figures 2 and 3. The different types of 
specimens may be classified in three general groups. T1-.C 
first includes typos OX, G, OX, and K, \^hich are single 
plates either solid, with holes, or with idle rivets. The 
second includes the lap or single-shear Joints, designated 
types A, A,, A^ , A3, B, G, CX, E, H, S, P, and K. The third 
includes the butt or double-shear joints, types J-1 , L-1 , 
LL, M. CY, M-1, q-1. 0,-3, T, U, U-1 , U-2, and W-1. 
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The reduced section of each cpecinen v;as olotained by 
machininj^; to the desired thickness in a riilling machine us- 
ing a 4-inch diameter helical milling cutter 10 inches long. 
The millinj:^; was done with the cutter normal and the travel 
of the carriage parallel to the length of the specimen. In 
this way any minute marks left Tdv the machining operation v/ere 
parallel to the direction of stress, which would minimize 
their effect on the fatigue strength of the speciinen. The 
keyways of each specimen were carefully machined in a 
shaper-planer so an to Tdb parallel after assemhly of the 
specimen. 

The rivets in the various specimens were driven using 
the follov/ing combinations of conditions: 



Hivet 
material 


P-ivet 
diaiiieter 

(in.) 


Hole 
diameter 

(in.) 


Driving 
condition 


Type of 1 
driven i 
head | 

1 1 


Al alloy 


3/g, 1/2, 
and 5/S 


17/6!^ 25/5^, 33/b-!-. 
and Ul/SU 


Cold 


1 

Cone-point | 

I 
I 


Al alloy 


3/S 


25/6^ 


Cold 


x'Utton 1 


Al Alloy 


3/g and 5/S 


13/32 and 21/32 


Hot 


Button 1 


Steel 


3/S and 5/S 


25/bU and U1/6U 


Gold 


Flat 


Steel 
— J 


5/S 


21/32 


Hot 


Button 



The cold-driven 17S-T rivets were driven with l/2 hour 
or less of room- temperature aging between heat treatment and 
driving. The cold-driven rivets v/erc driver after 

several v/eeks of room-temperature aging. The hot-driven 
17S-T and 53S-W rivets were heated in a lead bath at temper- 
atures of 950^ and 97 0^ F, respectively, and v;erc driven as 
auickly as possible after removal from the bath. The cold- 
driven steel rivets v/ere annealed first by heating to 1220"" I 
for 3 hours and then cooling slowly in the furnace overnight. 
The hot-driven steel rivets were heated in a gas--fired fur-^ 
nace and were driven at a temperature of appr oxima-t ely 1800 

'Yhen bolts or pins were used, the holes into 'which they 
were fitted were reamed to size v/ith just enougli clearance 
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so that the "bolts and pins could Ids inserted easily. Alumi- 
num-alloy washers were used under the heads and nuts of all 
'oolts, and the torque \ised in tightening each "bolt was 610 
inch-pounds. Only 5/8-inch holts were used, 

TEST PROCEDURE 



The tests in this investigation were made in the fatir^rue 
machines shown in figure 4, which were designed especially 
for testing riveted Joints. (See reference 1.) The machines 
were so constructed that the specimens may oe suoiected to 
cycles of direct stress frora any value in tension or compres- 
sion to any other value in tension or compression, provided 
the maximum loads are within the capacity of the machine 
heing used. For tv/o of the machines the nominal capacity is 
40,000 pounds, and for the other four, 50,000 pounds. 

The testing machines have "been calihrated as descrioed 
previously (reference l), and, in addition, consideraole ex- 
perimental v/ork has "been done to evaluate inertia effects oc- 
curring under the various conditions of testing used through- 
out the scope of the investigation. Corrections obtained 
from these dynamic calibration studies have heon made wherever 
necessary in the fatigue data reported. 

The test specimen is placed in the m.achine in a vertical 
position ahout 15 inches from the fulcrum end of the machine. 
One end of the specimen is keyed and holted to the "bed of the 
machine, and the other end is similarly fastened to the hori- 
zontal loading "beam. This loading "beam acts as a second- 
class lever having a ratio of approximately 10:1. When the 
specimen is "bolted in place and thft crank (not heing set at 
zero throw) is turned, movement of the loading heam up and 
down applies eit-^er tension or compression to the specimen. 
As load is applied, the deflection of the loading heam is 
proportional to the loado 

The tensile or compressive load to he applied to any 
specimen is computed from the product of the desired stress 
and the minimum net cross-sectional area of the specimen 
through the reduced section. 

Bach fatigue-testing unit is equipped with limit 
switches to stop the motor v;hen a specimen hreaks. At fail- 
ure of a specimen the stress in the loading "beam, is automat- 
ically-relieved and the deflection of the hoam changes 
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sufficiently to operate the limit switches. These sv.'itshes 
are sensitive enough so that they usually Tareak the circuit 
v/ith the development of only a small cracl: in the specimen. 
VJhen a visililG crack forms in p.. specimen, the test is con- 
sidorcd completed. 

In the majority of ter-ts, the range of fati^rue -jtresijes 
in the plates was from zero to a maximum in tension, hut ^ m 
some tests the range was from some stress in either tension 
or con\presGion to some other stress in tension. For conven- 
ience the tests were run in groups, all tests in any one 
groun having the same ratios of minimum to maximum stress. 
In using these stress ratios, tensile stresses were consia- 
ered positive and compressive stresses ne,::ative, For any 
test the maximum stress is the one having the largest alge- 
■braic value, and not necessarily the one having the largest 
numerical value. Following is a complete list of stress 
ratios used, together with exa/nples of corresponding stress 
ranges i 



Stress ratio 


Sxaruple of stress range 
(psi ) 


0,75 
.50 

0 

-1. 00 


15,000 to 20,000 tension 
10,000 to .30,000 tension 
0 to 20, 000 tension 

20,000 compression to 20,000 tension 



Unless definitely stated otherwise, all discussion in 
sulDseaucnt parts of this report pertains to tests in which 
a zero stress ratio was used. Also, unl e s r; _ s tat ed otxiorw^se, 
all fatigue strengths are Isased upon 2 million cycles of^ 
st-ess. This number of cycles was used iDy Prof. W. M. /.ilson 
Crof. broncos 2 and o) and hy Otto Graf (reference 4} m simi- 
lar tests. 

The results of the fatigue tests were plotted in the 
form or S-N diagraris ( s t r e s s-num'D er of cycles) . The stresses 
plotted were average values and did not take into account any 
nonuniform distribution of stress in the specimens. Some ot 
the fractured specimens are shown in figures 5 to 9. A lew 
representative S-IT curves (figs. 10 to 12) are included wi .h 
this paper. A summary of the results of the testn la cCivon 
in tables I to IV. 
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Most of the tests were continued to failure, "but 38 
specimens were removed from the machine "before failure 1)0- 
Cause the numher of c7/*clos had reached a pr oar r an£!:ed mLiximur. 
nuiiiher, usually 25 million, wliich was considered sufficient 
in this investigation* In t-he S-IT dia^Trams, the latter test 
are indicated acc or din,5:ly . 

SUMKARY OP RESULTS 



The following sumxuiry is "based on the fatig-ae tests re- 
ported herein on aluminum-alloy joints of 17S-T (Federal 
Specification q,Q-A-?51 ) and 53S-T (Jederal Specification 
Q'^i-A-S^l). V.o effort is made in this summary to cover all 
the different stress ratios tested or the full ran^e of nu.n- 
"bers of cycles of stress used, since it is im.practical to 
summari?:e the results takiiiv^ into account all thi3 variables 
includodt Instead, th^ strene:th of the various types of 
specimens are compared principally on the "basis of "fati.^ue 
strength," which is defined as the maximum stress on the net 
section of the plates (P/a) to v/hich the joint can "be suh- 
jocted for 2 million cvvoles, the stress in each cycle varyin 
fromi zero to a m.axim.um tensile stress* 

1» Op.'en holes and idle rivets reduce the fatigue 
strengtlj.s of aluminum-allo^T- plates coiisiderahly , the 
strengths o'btained "bein.^ from 11 to 42 percent of the nom^i- 
nal static strengths. The effect usually in greater (l) 
with an open hole than with an idle rivet, (2) with four 
idle rivets than with only one, and (-3) with hot-driven than 
v/ith cold-driven rivet^^. 

2, In general, idle rivets are less harmful to the fa- 
tigue stron.^th of a plate than rivets used to transfer ].oad, 

3, In che tests of lap joints with l/4''inch plates and 
5/8-inch rivets, a"bcut 86 percent failed hy fracture of the 
plates through the rivet holes ♦ Of the remainder, one joint 
failed "by shearing the rivets, and the others l)y the rivet 
heads' l^eing 'broken off as a res^ilt of the prying action ex- 
erted on them, during the eccentric loading, 

4, In the tests of lap joints with l/4-inch plates and 
3/8-inch rivets, only 33 percent failed in the plates. Most 
of the remainder failed tiy shearing the rivets, al tho-'T/;h a 
few failed "by the rivet heads' breaking off. 
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5. In the te^ts of "butt joints v/ith l/l~inch plates and 
5/8-inch rivets, ahout 27 percent of the failures wer.^. in 
the pla-'-es, the rpiaainrler 'oeing "by shearing of the rivets, 

3. In the tests of tutt joints with l/4— inch plates and 
3/8-inch rivets, aloout 44 percent of the failures vrero in 
the plates, the remainder "being h- shearing of the rivets, 

7. In the tents of Joints in v/hich the fati^;ue failure 
occurred "by tensile failure in the pl:ito and in which the . 
stresses varied from ^orc to a maximum tension, the tensile 
fatigue strengths ran.r^ed hetween 7 and 46 percent of the 
static tensile strength of the material. 

8. In the tests of joints in v/hich the fatigue failure 
occurred "by shearing of t'le rivets, and in v/hich the stresses 
varied from soro to a uaximum. in one direction, the shear fa- 
tigue strengths ranged from a'bout 'c^8 to 73 percent of the 
nominal static shear strengths of the driven rivets. Since 
these ratios for she-^ir strengths are co:^ s ideralDly higher th.an 
those given in the preceding conclusion for tensile strengths, 
it is evident tliat shear fatigue is not as important in ordi-- 
nary design as t en s i 1 e f a t i gir e • 

9. The fatigue strengths of the aluminum- all oy joints 
range from 13 to 75 percent of the calculated static strength 
for lap joints, and from lO to 55 percent for outt joints, 
Tor each of these two general types, the highest percentages 
were obtained when testing DSS-T plates with cold-driven 
53S-W rivets, 

10, T'he fatigue strengths of the type C lap joints and 
type M "butt joint?;, for different comhinations of plate and 
rivet materials, are as follows: 
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Plate 




Fat igne 


Pat i j::iio 


nat er iixl. 


F: i V 3 1 G 


strength* 


s tr on^' th* 


(1/4 in.) 


(5/8 in. ) 


(psi ) 


(It) 



Lap joints (type C) 



T' 



17S-T- 


C olrl— iron 


- 17S-T 


9 ,800 


]. 2 , 1 0 0 


17S-T 


Eot— dr iven 


- 17S-T 


7 ,700 


9 ,400 


17S-T 


C old— dr iveii 


— Steel 


9 ,300 


11 ,5 00 


17S-T 


Eot— dr iven 


- Steel 


6 ,600 


8 ,000 


53S-T 


C old— dr iven 


- 53S-i'7 


7 ,100 


S ,800 


53S-? 


Hot— dr ivon 




6 ,700 


3,20c 



Bv.tt joint G (typ'.^ M) 



17S 




Hot— dr ivon 


- 17S-T 


17S 




C ol d— dr iven 


- 17S-I' 


17S 


-T 


E^ot— dr ivon 


- Steel 


533 


-T 


Hot-dr ivon 


- 53S-W 


53S 


-T 


C old.— dr iven 


- 53S-W 



16 ,500 
14,300 
5 ,6 00 

15 ,700 
11 ,400 



20,100 
17,6 00 



19,100 
14,100 



♦Tension on net section of plates, "based on 2 ir.illion 
cycles of stress, from zero to a maxirnum in tension. 



11» In general, "butt joints haro hi//:hor fatigue 
strengths than lap joints, even though "both fail in the 
plates ra.ther than in the rivets. For cxa:aple , in joints 
v/ith l/4~inch 17S-T plate containing a single rov; of four 
5/S~inch cold-driven 17S-T rivets (types C and M) , the 
fatigue strength of lap joints is aoout 68 percent of that 
of "butt joints. The lower stren4:th of the lap joints is 
attributed mostly to the flexing action resulting frcni 
eccentricity of loading. 

12% Increasing the resistance to flexing of lap joints 
"by increasing the thickness of one of the plates is "bene- 
ficial in increasing the fatigue strength of tho thinner 
plate. For oxai;iple , in some comparative tests in v/hich tho 
thickness of one plate was doubled, the strength of the 
thinner plate was increased about 65 percent. 
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13 • The tiso of multiple rov;s of a given size of rivet, 
v;ith tho sane numlDcr of rivets per row, increases the fa- 
tigue strength of lap joints even though all failures are 
in the plate. For example, the stren^^th of a lap joint v/ith 
l/4--inch 17S-T plates containing a sin,^le row of S/S-inch 
17S-T rivets was increased 21 percent "by adding another rov; 
of the same nurnbor and size of rivets. This improvement 
probably/ can he attributed mostly to the added stiffness re- 
sulting from the increased lap. Another factor is the 
sm.allor load tranc-f erred "by each rivet, 

14, Tor the same total number cf rivets, lap joints 
have higher fatigue strengths, in pounds per square inch on 
the net Goction of the i^late , v/lion the rivets are spaced 
closely ill a single rov; than when spaced more widely in two 
or more rcv;s# lor example, in lap joints with l/4— inch 
17S-T plates and 3/8-inch cold-driven 17S-T rivets, the fa- 
tigue strength in pounds per square inch of net section of 
the plo.te was 10 percent higher vrhen six rivets were used 
in a single rov; than v/h^r. they v/ore used in two rows of 
three each, ¥hen fatigue strength is exjjressed in pounds, 
however, the joint with a single rov/ of rivets was about 12 
percent V7ea>:er than the other. 

15^ The different types of lap joints with l/4-inch 
17S-T plates containing cold-d.riven 5/8-inch 17S-T rivets 
nay bo rated as follows, beginning with the one having the 
highest fatigue strength: 



of 


Hivotn 


Fatigue strengths* 


T otal 


. 


1 — 


Tension in plates 


Total locir' 


joint 


nxi.n'bcr 


of 

r 0 V/ s 


per 

r ow 


(not section) 

(psi) _^ 


(10 ) 


E 


9 


3 


3 


13 ,700 


17 ,7 00 




6 


2 


3 


10,200 


14,2CC 


C 


4 


1 


4 


9 , 800 


12 ,100 


B 




1 


3 


a ,400 


11,700 


E 


4 


2 


2 


6 ,700 


10,400 


A 




1 


2 


5 ,800 


9 ,000 


P 


3 


2 


1,2 


D ,000 


7,800 



*3ased on 2 million cycles of stress, with zero mini. ram 
stress. 



16. In general, the fatigue strength of a luminum-u.l i oy 
lap joints is higher v/hen cold— driven rivets are used than 
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when hot~dri\-Gn rivets arc used* This difforcrxCG is greater 
when stool rivets are \isod, 

17. As v/ould "be expected fron a knov;lede^e of relative 
basic fatigue strengths, joints of 5SS-T plate using hot- 
or cold-drivon 5oS-W rivets had lower fatigue strengths than 
sinilar Joints of 17S-T plate with hot- or cold-driven 17S-T 
r ive t s • 

18o For a given spacing and arrange Jiient of cold-driven 
17S-T rivets in 'l/4-ir-ch 17S-T plates, the fatigue strength 
of a lap joint increases as the size of the rivets is in- 
creased", even though nost of the failures occur as tensile 
fractures of the plate rather than as shear failures of the 
rivetst This statenent is true whether the fatigue strength 
is expressed in pounds per so/aare inch of net area or in 
total'" load in pounds » The above statenent i;i generally true 
also for "butt joints » Ecwover , as noted in the following 
table of butt joints, going fron l/ 2-inch to 5/ 8-inch rivets 
in the type M joint ca*\scd a reduction in fatigue strength 
based on stress on the net area and also in total lead on 
spocinen in pounds. aoing fron a iV^-inch pin to a sys-inch 
pin in tlie type Q-P. joint gave a reduction in fatigue strength 
based on total loado 





Rivets or pirs 




Type 


Plr.to 


Dian. 


Alio/ 


Dr ivixif 


ilo. 


Ko. 


Pat if ue 


Fat ifjiio 


alloy 


(in.) 




c orxdi— 


of 


per 




strength 








t i on 


r OWE 


r ow 


(pni) 




U-1 


17S-T 


5/8 


17S-T 


Cold 


1 




11 ,400 


17 ,7 00 


TJ-1 


17S-T 


1/2 


17S-T 


Cold 


1 


2 


• S ,6 00 


13 ,300 


U-1 


17S-? 


o/8 


17S-T 


C old 


1 


3 


4 ,G00 


7,700 


L-1 


17S-T 


5/8 


17S-T 


Cold 


2 


4 


17,800 


22 ,00 0 


L-1 


17S-T 


1/2 


17S-'i; 


Cold 


p 


4 


16 ,400 


22 ,5 00 


L-1 


17S-T 


5/8 


17S-T 


Cold 


«-* 


4 


9 , 800 


14,5 00 


W-1 


i7S-r 


1/3 


17S-T 


Cold 


3 


4 


14 ,200 


19 ,3 00 


W-1 


17S-T 


S/ 8 


17S-T 


Cold 


0 


4 


9 ,200 


13,7 00 


■ M 


17S-T 


■C>j 6 


i73-T 


Cold 


1 


4 


14 ,3 00 


17,600 


M 


17S-T 


1/2 


17S-T 


Cold 


i 


4 


15 ,7 00 


21 ,400 


M 


17S-T 


?/ 8 


17S-? 


Cold 


1 


4 


9,7 0C 


14,400 


Q-3 


17S-T 




17S-? 


Cold 


1 


1 


9 ,400 


11 ,800 


Q-8 


17S-T 




173-T 


Cold 


1 


1 


9 ,400 


14,100 


Q-2 


17S-T 


1 


17S-T 


Cold 


1 


1 


3,500 


12 ,000 
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In terms of load in pounds on the specimen a limitin,:^ ^^alue 
of fatigue strength seoras to be reached when the rivet diam- 
eter is increased to about one— third the rivet sppvCin.^, 

19» As would be expected fro:n a general knov/lodgo of 
the fatigue of metals, the greater the ratio of minimum to 
maximum stress, the greater the maximum fatigue stress which 
a joint v/ill withstand. 

20. The stress concentration factors, determined by 
comparing the fatigue strengths for all the various types 
of specimens in which failure occurred in the plates v/ith 
the basic fatigue strengths' of the plate materials, ranged 
between 1.3 and 9. 3. It is concluded, therefore, that it 
is impo;:siblc to arrive at any satisfactory average stress 
concentration factor for riveted members in generalo 

21. The strongest two aluminum -alloy lap joints, based 
both on unit stress on the net section of the plate and on 
total load in pounds, arc types H and CX with l/4--inch 17S-T 
main plates and 5/8-inch 17S-'T rivets. The other details 

of these joints and the latigi^e strengths are given in the 
following table : 







-R i V 0 1 s 


1 


Typo of 








Joint 


Dr iving 


ITumb e r 


dumber 




condit ion 


of rows 


per row 


H 


Cold 


3 


3 


CX 


Hct 


1 


4 

I 



Tatigue strengths* ^ 



Tension in 

plat e s 
(not section) 

(roi) 



Total 
1 00. d 

I (lb) 



12 ,700 
12 ,700 



17,700 
15,500 



*3ased on 2 million cycles of strei^s, with zero niniraum 



stress. 



22. The strongest butt joint when based on either the 
net section of the plates or total load in pounds was the 
type M v;ith l/4~inch 17S-T plates containing 5/8-inch diam- 
eter 17S-T bolts. The fatigue strength of this specimen was 
21,400 psi corv osponding to a load oi 26,300 pcanrls. The 
second strongest butt joint on thii-; same basis was the typo 
U-2 with l/4-inch 17o-.T plates and 1^4 -inch 173-1 pins 
which had fatigue strength of 13,100 psi c or r e ^Jp ending to 
a load of 22,6 00 pounds. 
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2o % ]?or a given spacing, size, and numoer of rivets 
double shear "butt joints are superior to sin^rrle shear hutt 
joints and lap joints even though failures occur as tensile 
fracture of the plates e Values ohtained for joints v/ith 
1/4— inch 17S— T plates and 5/ 8— inch cold— driven rivets are 
given celov/: 









Rivets 




Fat ii::;ue s tr engt hs * 


T^pe of 


joint 




Number 


ITunber 




Tens i c n i n 


Total 








of 


per 




plates 


1 oad 








r ov/s 


r OT'7 




(net section) 
















(ps i ) 


(ID) 


Double shear 


butt 


, M 




4 




14,300 


17 ,650 


Lap , C 






1 






9 , 800 


11 ,600 


Single shear 


butt 


, CY 


1 


4 




7 ,000 


8 ,600 


*Based 


on 2 


million cycles of 


s 


tress, V/ i t h 5; e r 0 n i n i r:U 



stress • 



Aluminum Research Lab orat or ie i3 , 

Aluninuia Coiapany of A.Merica, 

ITew Kensington, Pa,, June 



24, 1944, 
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TABLI I 



SnOttHT OF RKSOLTS OF FATEDB TESTS OF RIVETH) JOHITS 



Type of 
SpeciiBen 


Plate 
Material 


Ifaterial 


I 

plana ter, 
in. 


LlTBta 

T^rpe of 
QrlTen Head 


Driring 


Stress 
Ratio 


^Failures 
Nudtwr a 


Eocoanter 
f CtcIos 


«d at Various 
of Stress 


>PBnaile 


Stress at 

1 Bl 


Failure,* 


>(;orres.Dondlng Shear Stress, 

DBi 


Corresponding Bearing Stress, 












Qpndition 






2x106 
CTclea 


Cjclas 


id5 

CjcleE 


2x10° 
Cjcles 


Cycles 


Cycles 


2x10** 
Cycles 


lOV 
Cycles 


■ lo'* 

Cycles 


2xl0«* 
Cycles 


1d7 
Cycles 


Lap Joints: 




































A 
A 
A 
A 
A 
A 

B 
B 
B 

C 
C 

c 
c 
c 


17S-T 
17S-T 
173-T 
17S-T 
17S-T 
55S-T 

17SCT 
17S-T 
17S-T 

17S-T 
17S-T 
17S-T 
17S-T 
17S-T 


17S-T 
17S-T 
17S-T 
17S-T 
Steel 
S5S-W 

17S-T 
17S-T 
17S-T 

17S-T 
17S-T 
17S-T 
17S-T 
17S-T 


5/8 
5/8 
5/8 
5/8 
5/8 
5/8 

5/8 
5/8 
1/2 

5/8 
5/8 
5/8 
5/8 
5/8 


Cone-point 
Button head 
Cone-point 
Cone- point 
Flat 

Cone- point 

Cone-point 
Button head 
Cone- point 

Cone-point 
Button head 
Button head 
Button head 
Button head 


Cold 

Hot 

Cold 

Cold 

Cold 

Cold 

Cold 

Hot 

Cold 

Cold 

Hot 

Hot 

Hot 

Hot 


0 
0 
0 

-1.00 

0 
0 

0 
0 
0 

0 
0 

•fO.50 
♦ 0.75 
-1.00 


Haad# 
Head# 
Shear 
Shear . 
Shear 
Shear . 

Tonoile 

Head# 

Shear 

Tone lie 
Tensile 
Tans lie 

Tensile 


tens He 

rensilc 

Shear 

Shear 

renslle 

Shear 

Tensile 
Tensile 
Tensile 

Tensile 
Tensile 
Tensile 
Tensile 
Tensile 


Tensile 

Tensile 

Shear 

Shear 

Tensile 

Shear 

Tensile 
Tensile 
Tensile 

Tensile 
Tensile 
Tensile 
Tensile 
Tensile 


9 700 
9 700 
5 900 
2 IDO 
7 200 
5 200 

15 600 
15 800 
n 700 

IB 400 

20 500 
25 200 

15 500 


5 800 
4 800 
2 400 

1 600 

4 000 

2 600 

8 400 

6 500 

7 GOO 

9 800 
7 700 

11 200 
21 500 

5 900 


4 700 

5 500 

2 000 

1 000 

2 100 

2 200 

5 600 
5 200 

4 800 

5 500 

6 100 
8 400 

15 700 
5 700 


25 400 

22 200 
27 500 
14 600 
50 500 
22 700 

22 500 
IB 800 
27 900 

17 700 

18 500 
22 700 

12 000 


14 000 

11 000 
16 800 
10 900 
28 000 
IB 200 

12 100 

8 800 
16 700 

9 400 

6 900 
10 100 
19 200 

5 500 


U 500 
7 600 

14 500 

7 000 
16 100 

15 400 

8 100 
7 100 

11 400 

5 500 
5 500 
7 600 

12 500 
5 500 


47 100 
45 700 
55 500 
18 100 
61 800 
27 600 

45 500 
58 900 

45 000 

55 600 
58 100 

46 SOC 

24 800 


28 200 
22 700 
20 700 
15 800 
54 500 
22 400 

24 500 
18 500 
26 900 

18 900 
14 500 
20 800 
59 600 
11 000 


22 SCO 

15 600 

17 200 
8 600 

19 800 
19 000 

16 SOO 

14 700 

18 500 

10 6C0 

11 400 

15 600 
25 500 

6 9C0 


c 
c 
c 
c 
c 


17S-T 
17S-T 
17S-T 
17S-T 
17S-T 


Steel 
Steel 
Steel 
Steel 
Steel 


5/8 
5/8 
5/8 
5/8 
5/8 


Plat 

Button head 
Button head 
Button head 
Biitton head 


Cold 

Hot 

Hot 

Hot 

Hot 


0 
0 

♦ 0.50 
♦0.75 

-1.00 


Tfeosile 
Tens! le 
Tensile 

Tensile 


Tensile 
Tensile 
Tensile 
Tensile 
Tbnsile 


Tensile 
Tensile 
Tensile 
Tensile 
Tensile 


20 600 
16 500 
50 500 

ID 500 


9 500 
6 600 
11 000 
25 70O 
4 200 


6 000 
5 000 
8 400 
12 000 
2 200 


19 800 
14 900 
27 500 

9 500 


8 900 
5 900 

9 900 
21 500 

5 800 


5 800 
4 500 
7 600 
10 800 

2 000 


59 800 
50 700 
56 800 

19 100 


18 000 
12 300 
20 SOC 
44 100 
7 800 


11 600 
9 500 
15 600 
22 500 
4 100 


c 
c 
c 


17S-T 
17S-T 
17S-T 


17S-T 
17S-T 
Steel 


5/8 
5/3 
5/8 


Cone- point 
Button head 
Flat 


Cold 
Cold 
Cold 


0 
0 
0 


Shear 
Shear 
Shear 


HeadjV 
Shear 
Tenjiile 


Tensile 

Shear 

Tensile 


7 800 

8 400 
12 700 


5 700 

6 600 
6 500 


5 000 
5 500 
5 000 


24 200 

25 900 
59 200 


17 600 
20 400 
19 500 


15 500 
17 000 
15 500 


29 600 
51 800 
48 200 


21 600 
25 500 
25 900 


19 000 

20 900 
19 000 




17S-T 
17S-T 


(5/0- 
(5/8- 


Li.ciia.l7S- 
ln.dia.l7S- 


T bolts) 
T bolts) 




0 

-1.00 


Tensile 
Tens! le 


Tensile 
Tensile 


Tensile 
Tensi le 


20 COO 
9 100 


9 000 
6 400 


6 800 
5 SCO 


20 400 

9 5(.K) 


9 200 
6 500 


6 900 
5 600 


40 OOC 
13 200 


IS 000 
12 800 


15 60C 
11 COC 


c 
c 
c 


S3S-T 
55S-T 
55S-T 
55S-T 


55S-W 
55S-W 
55S-'.Y 


5/8 
5/8 
5/8 
5/8 


Cone-point 
Button head 
Button head 
Cone- point 


Cold 
Hot 
Hot 
Cold 


0 
0 

-1.00 
0 


Tensile 
Tensile 
Tensile 
Shear 


Tensi le 
Tensi le 
Tmsi le 
Shear 


Tensi le 
Tensile 
Tensile 
Shear 


15 eoo 

15 900 
7 100 
6 900 


7 100 
6 700 
4 500 
4 700 


4 900 

4 400 

5 000 
5 700 


15 100 
12 500 
6 400 
21 400 


6 800 
6 000 
4 000 
14 400 


4 700 
4 000 
2 700 
11 500 


26 200 

25 900 
15 200 

26 200 


15 TOO 
12 500 
8 400 
17 900 


9 500 
8 200 
5 600 
14 COC 


cx 


17S-T 


17S-T 


S/8 


Button head 


Hot 


0 


Tensile 


Tensile 


Tend le 


22 SOC 


12 700 


9 700 


20 200 


11 400 


3 700 


41 800 


25 ecc 


18 100 


s 

3 


17S-T 
55S-T 


ITSi-T 
55S-W 


5/8 
5/8 


Cone-point 
Cone- point 


Cold 
Cold 


0 
0 


Tensi le 
Tensile 


Tensile 
Ttenslle 


Tens He 
Tensile 


15 700 
10 400 


6 700 
5 900 


S 400 
4 ICO 


24 500 
18 600 


12 OOO 

10 eoo 


9 700 
7 500 


50 200 
22 900 


14 SOC 

15 000 


11 900 

9 ooa 


p 

p 


17S-T 
17S-T 


17G-T 
12S-T 


5/8 
5/8 


Cone-point 
Button head 


Cold 
Hot 


0 
0 


Tensile 
Tensile 


Tensile 
Tensile 


Tensile 
Tensile 


10 700 
12 700 


5 000 

6 200 


4 200 

5 200 


17 200 
19 400 


8 100 

9 500 


6 SC O 
4 900 


54 700 
40 000 


16 200 
19 500 


15 600 

10 100 


n 

R 


17S-T 
17S-T 


17G-T 
17S-T 


5/8 
5/8 


Cone-point 
Button head 


Cold 
Hot 


0 
0 


Tensile 
Tensile 


Tensile 
Tensile 


Tensile 
Tensi le 


15 500 
14 700 


6 700 
6 4C0 


5 700 
4 100 


16 set 
16 900 


8 100 
7 400 


6 900 
4 700 


52 800 
54 700 


16 SCO 
IS 100 


15 SCO 
9 700 


•E 
E 
£ 


17S-T 
17S-T 
17S-T 


17S-T 
17S-T 
17S-T 


5/8 
5/8 


Cone-point 
Cone-point 
Cone-point 


Cold 
Cold 
Cold 


0 
0 
0 


Tensile 
Tensile 
Shear 


Tensile 
Tensile 
Tensile 


Tensile 
Tensile 
TensilB 


19 600 
14 200 
10 600 


10 200 
8 500 
6 100 


6 800 
C 000 
4 800 


14 100 
16 900 
25 500 


7 500 
9 900 
15 400 


4 900 

7 100 
10 SCO 


28 400 

27 500 

28 600 


14 800 

le COO 

16 500 


9 900 

11 500 
15 000 


H 
H 
H 


17S-T 
17S-T 
17S-T 


17S-T 
17S-T 
17S-T 


5/8 
1/2 
5/8 


Con©- point 
Con©- point 
Cone- point 


Cold 
Cold 
Cold 


0 
0 
0 


Tensile 
Tensile 
Tensile 


Tensile 
Tensile 
Tensile 


Tensile 
Tensile 
Tensile 


21 200 
IS 600 
IS 400 


12 700 
9 800 
6 400 


10 200 
7 500 
4 600 


10 200 
14 700 
19 700 


6 100 

7 70C 
9 400 


4 900 

5 900 

6 800 


20 600 

23 800 

24 100 


12 300 
12 SOC 
11 500 


9 900 
9 600 
8 500 



* Teneile stress; load divided by net aurea. 
^ Rivet heads broke off. 



TABU I (cont'd) 



SUMMARY OF fiSSULTS OP FATIGUE TESTS OF RIVETED JOINTS 



Butt ^[plut?! 




































Q-1 
0-2 
0-2 
0-2 

U 

U-1 
U-1 

U-1 

U-2 

u 

li 

L- 

If' 


17S-T 
17S-T 
17S-T 
17S-T 

17S-T 

17S-T 
17S-T 
17S-T 

17S-T 

17S-T 
17S-T 
17S-T 
17S-T 


17S-T 
17S-T pi 
17S-T pi 
17S-T pi 

17S-T 

17S-T 
17S-T 
17S-T 

17S-T pij 

17S-T 
17S-T 
17S-T 
17S-T 


5/8 
n 2-1/2 
Q 1-1/2 
n 1 

5/8 

5/8 
1/2 
5/8 

-B 1-1/4 

5/8 

5/8 
5/8 
5/8 


Cone-poiirt 
Flat 
Flat 
Flat 

Button head 

Cone-point 
Cone-point 
Cone-point 

Flat 

Cone-point 
Button head 
Button head 
Button head 


Cold 
Cold 
Cold 
Cold 

Hot 

Cold 
Cold 
Cold 

Cold 

Cold 
Hot 
Hot 
Hot 


0 
0 
0 
0 

0 

0 
0 
0 

0 

0 

0 

40.50 
-1.00 


Shear 
Tensile 
Tensile 
Tensile 

Shaar 

Tensile 

Shear 

Shear 

Tensile 

Tens! le 
Tensile 
Tensile 
Tensile 


Shear 
Tensl ie 
Tenaxle 
Teriile 

Tensile 

Tensile 
Tensile 
Tensile 

Tensile 

Tensi le 
Tensile 
Tensile 
Tensile 


Tensile 
Tensile 
Tensile 
Tensile 

Tensile 

Tensile 
Tensile 
Tensile 

Tensile 

Tensile 
Teneile 
Tensile 
Tensi le 


6 500 
16 400 
13 600 

^1 500 

15 600 

15 500 

11 400 
6 f DO 

29 8^ 0 

20 600 
28 600 
41 600 
20 400 


■5 000 

g 400 

9 400 
8 500 

8 400 

11 400 

8 600 

100 

14 500 

16 500 
277400 

11 900 


4 200 
8 600 

8 600 
7 500 

6 500 

9 400 

7 200 

15 500 

10 700 
12 500 
15 400 
10 600 


16 800 
2 100 
5 900 

12 000 

15 500 

IB 500 
22 100 
25 900 

7 800 

12 800 
12 900 
IB 700 
9 200 


13 300 
1 200 
4 000 

8 800 

9 600 

13 800 
16 700 
16 100 

4 700 

6 900 

7 400 
12 500 

5 400 


11 200 
1 K>0 
5 700 
7 600 

7 200 

11 400 
14 000 
14 000 

5 500 

5 100 

5 500 

6 900 


67 500 

52 800 
54 400 
74 800 

64 200 

74 500 
71 400 

58 600 

59 600 

51 300 

53 200 
77 300 


53 600 
IB 800 
57 600 
55 500 

59 700 

55 500 

54 000 
39 800 

36 200 

27 600 
30 700 
51 000 
22 200 


45 100 
17 200 
54 400 
47 500 

29 700 

45 800 
45 200 
54 500 

27 000 

20 600 
22 900 

28 70C 
1^ 700 


L* 
U 
)L 


17S-T 
17S-T 
17S-T 


Steel 
Steel 
Steel 


5/8 
5/8 
5/8 


Button head 
Button head 
Button head 


Hot 
Hot 
Hot 


0 

+0.50 
-1,00 


Tensile 
Tensile 
Tens lie 


Tensile 
Tensile 
Tensile 


Tensile 
Tens! le 
Tensile 


15 800 
24 400 
12 500 


5 600 
15 000 
4 600 


4 500 
9 700 

5 600 


6 200 
U 000 
5 500 


2 500 
5 800 
2 100 


1 900 
4 400 

1 600 


25 600 
45 300 


10 400 
24 2Q0 
8 600 


8 000 
18 100 
6 700 


H 
U 


17S-T 
17S-T 


17S-T 
17S-T 


1/2 
5/8 


Cone-point 
Cone- point 


Cold 
Cold 


0 
0 


Tensile 
Shear 


Tensile 
Shear 


Tensile 
Shear 


25 500 
14 200 


15 700 
9 700 


12 500 
7 800 


20 500 
22 000 


12 700 
15 100 


10 000 
12 000 


66 600 
55 800 


41 400 

56 800 


52 500 
29 60C 


U 


17S-T 


(5/8-ii 


i.dia.l7S-T 


bolts) 




0 


Tensile 


Tensile 


Tensi le 


30 700 


21 400 


15 000 


16 700 


ID 900 


6 600 


61 400 


42 800 


26 000 


u 

I! 
U 


55S-T 
57S-T 

533-T 


S5S-W 
55S-W 
55S-W 
55S-W 


5/8 
5/8 
5/8 
5/8 


Cone-point 
Button head 
Button head 
Cone- point 


Cold 
Hot 
Hot 
Cold 


0 

0 

-1.00 

0 


Tensile 
Tensile 
Tensile 
Shear 


Tensile 
Tensile 
Tensile 
Shear 


Tensile 
Tensile 
Tensile 


21 000 

22 800 
16 500 
12 000 


U 400 

15 700 
4 000 
6 900 


8 500 

9 800 
7 000 
6 700 


10 100 
10 300 
7 300 
18 600 


5 500 
7 100 
4 100 
10 700 


4 100 
4 400 

3 100 
10 900 


40 600 
42 400 

50 40*:' 
45 SOC< 


22 000 
29 200 
16 700 
26 200 


16 400 

13 000 
25 400 


M-1 


17S-T 


17S-T 


5/8 


Cone— point 


Cold 


0 




Ifenslle 












7 700 






30 900 




CT 


17S-T 


17S-T 


5/8 


Cone- point 


Cold 


0 


Tensile 


Tensile 


Teivile 


15 200 


7 000 


5 400 


12 700 


6 700 


5 200 


25 500 


15 500 


10 400 


T 
T 


17S-T 
55S-T 


17S-T 
S5S-W 


5/8 
5/8 


Cone-point 
Cohe- point 


Cold 
Cold 


0 
0 


Tensile 
Tensile 


Tensile 
Tensile 


Tensile 
Tenile 


22 600 
17 400 


15 700 
9 200 


ID 500 
4 600 


20 500 
15 700 


12 500 
8 500 


9 300 
4 100 


49 700 
58 500 


50 100 

, 20 200 


22 700 
10 100 


lAl 
I/-1 
1^1 


17S-T 
17S-T 
17S-T 


17S-T 
17S-T 
17S-T 


5/8 
5/8 


Cone- point 
Cone- point 
Cone- point 


Cold 
Cold 
Cold 


0 
0 
0 


Tensile 
T^mile 
Tins lie 


Tensile 
Tensile 
Tensile 


Tensile 
Tensile 
Tensile 


51 000 
27 400 
25 600 


17 800 
16 400 
9 800 


11 500 
■ ID 600 
7 500 


7 400 

11 200 
IB 200 


4 300 

6 700 

7 500 


2 700 

4 500 

5 600 


29 800 
36 200 
44 800 


17 Ud^ 
21 600 
IB 600 


10 800 

14 000 

15 900 


LL 
LL 
LL 
LL 
LL 


17S-T 
17S-T 
17S-T 
13S-T 
17S-T 


17S-T 
17S-T 
17S-T 
St««l 
Steel 


5/8 
5/8 
5/8 
5/8 
5/8 


Cone- point 
Button head 
Button head 
Button head 
Button head 


Cold 

Hot 

Hot 

Hot 

Hot 


0 
0 

+0.50 

0 

+ 0.50 


Tensile 

Tensile 
Tinsile 


Tmsile 
T^nile 
Tttisile 
Tensile 
Tensile 


Tensile 
Tensile 
Tensile 
Tmsils 


23 400 

15 600 
20 600 


10 600 
15 500 
IB 800 

6 50a 

11 000 


5 400 

10 200 
15 700 
5 700 


11 200 

6 100 
9 500 


5 100 

6 000 
8 500 
2 800 
S 000 


2 600 
4 600 
7 IDO 
1 700 


22 400 

12 700 
19 200 


10 200 
12 400 

17 500 
5 900 
ID 200 


5 200 
9 500 
14 600 
3 400 


J-1 


17S-T 


17S-T 


1/4 


Cone- point 


Cold 


0 


'Tsnsile 


TensUe 


Tans lie 


22 700 


9 500 


6 100 


12 500 


5 200 


5 500 


20 700 


8 700 


5 500 


W-1 
W-1 


17S-T 
17S-T 


17S-T 
17S-T 


1/2 
5/8 


Cone-point 
Cone- point 


Cold 
Cold 


0 
0 


Tsneile 
Tensile 


Tensile 
Tensile 


Tensile 
Tensile 


27 000 
17 700 


14 200 
9 200 


10 200 
7 600 


7 500 
9 200 


5 800 
4 800 


2 800 
4 000 


25 800 
22 500 


12 500 
11 700 


8 900 

9 700 



« Tensile stress; load dirided hj net 
I Rivet heads broke off. 



area. 



W-55 



TABLE II 

SUMMARY OF RESULTS OF FATIGUE TESTS OF SOLID PLATE SPECIMENS 
Types OX, G and K, with or without Idle Rivets 



!2: 
> 
o 



Type of 
Speoimen 



OX 

G 
G 
G 
G 

G 
G 
G 
G 
G 
G 

K 
K 
K 

K 



Plate 
Material 



17S-T 

17S-T 
17S-T 
17S-T 
17S-T 

53S-T 
53S-T 
53S-T 
53S-T 
53S-T 
53S-T 

17S-T 
17S-T 
17S-T 

53S-T 



Material 



17S-T 
17S-T 
Steel 



Rivets 
DiameteFT 



in. 



5/8 
5/ '3 
5/'8 



driving 
Condition 



Cold 
Hot 
Hot 



(2l732-inodiaodrilled open hole) 



53S-W 
53S-W 
53S-W 



5/8 
5/8 
3/8 



Cold 
Hot 
Cold 



^21/3i^-in.dia. drilled open hole' 
^21/32- in. dia. punched open hole] 
,25/64- in. diaodrilled open hole, 



Cold 

Hot 

Hot 

Hot 



17S-T 


5/8 


17S-T 


5/8 


Steel 


5/8 


53S-W 


5/8 



♦ Tensile stress = load divided by net area, 
t Insufficient tests. 



Stress 
Ratio 



0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 



Tensile Stress at Failure, psi* 



10^ 
Cycles 



29 200 

21 300 

17 600 

21 500 

18 600 
21 700 
16 500 

14 300 

15 700 

37 600 
34 400 

18 500 

19 700 



2x10° 
Cycles 



32 400 

25 200 

22 200 

13 900 
9 900 

15 800 

14 500 

15 300 
10 700 

8 400 

9 700 

21 000 

23 400 
9 500 

13 000 



10^ 
Cycles 



31 400 

24 300 
19 000 

10 500 
9 800 

14 700 
13 600 

11 700 

7 600 



t 

9^000 
11 700 
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COMPARISON OF THE STATIC AND FATIGUE STRENGTHS OF 
THE VARIOUS TYPES OF SPECIMENS TESTED 



peci 
men 



Sketch 



Plate 
Material 



Materia 



I>iameter, 
in. 



Jriving 
Condition 



-n jtgiUc 

Computed 
Strength^ 
lb 



01 

Failure 



Streng , 
at 2iI0< 
Cycles, 
lb 



w 

Failure 



Ratio 



Single Plates: 



OX 



unn 



CX 



17S-T 



17S-T 
17S-T 
17S-T 



17S-T 
17S-T 
Steel 



41/64 
21/32 
21/32 



Cold 
Hot 
Hot 



i/o-i oteej. uoT/ 
17S-T (21/32-in.dia.drilled open hole) 



53S-T 
53S-T 
53S-T 



53S-¥( 
53S-W 
53S-W 



41/64 
21/32 
25/64 



Cold 
Hot 
Cold 



I ooo 

!Sg§ 



53S-T (21/32-in.dia.drilled open hole) 
53S-T (21/32-in.dia. punched open hole) 
53S-T (25/64-in.dia. drilled open hole) 

Cold 
Hot 
Hot 
Hot 



Cold 

Hot 

Cold 

Cold 

Cold 

Cold 

Hot 

Cold 



Cold 

Hot 

Cold 

Hot 

Cold 

Cold 



Cold 

Hot 

Cold 



Hot 



Cold 
Cold 



Cold 
Hot 



Cold 
Hot 



Cold 
Cold 
Cold 



Cold 
Cold 
Cold 



17S-T 

17S-T 
53S-T 


17S-T 

Steel 
53S-1IV 


41/64 

21/32 
21/32 


17S-T 
17S-T 
17S-T 
17S-T 
53S-T 


17S-T 
17S-T 
17S-T 
Steel 
53SGW 


41/64 
21/32 
25/64 
25/64 
25/64 


17S-T 
17S-T 
17S-T 


17S-T 
17S-T 
17S-T 


41/64 
21/32 
33/64 


17S-T 
17S-T 
17S-T 
17S-T 
17S-T 
17S-T 
17S-T 


17S-T 
17S-T 
Steel 
Steel 
17S-T 
Steel 
17S-Tttilt£ 


41/64 
21/32 
41/64 
21/32 
25/64 
25/64 
5/8 


53S-T 
53S-T 
53S-T 


53S-W 
53S-W 
53S-W 


41/64 
21/32 
25/64 


17S-T 


17S-T 


21/32 


17S-T 
53S-T 


17S-T 
53S-W 


25/64 
25/64 


17S-T 
17S-T 


17S-T 
17S-T 


41/64 
21/32 


17S-T 
17S-T 


17S-T 
17S-T 


41/64 
21/32 


17S-T 
17S-T 
17S-T 


17S-T 
17S-T 
17S-T 


41/64 
33/64 
25/64 


17S-T 
17S-T 
17S-T 


17S-T 
17S-T 
17S-T 


41/64 
33/64 
25/64 



71 400 



102 900 
102 700 
102 700 
102 700 

66 800 
66 700 
69 300 
66 700 
66 700 
69 300 

74 200 
73 200 
73 200 
47 600 



22 600 

23 000 
8 400 

10 800 
6 000 

33 800 

34 500 
21 900 



46 400 
46 000 
58 200 
60 800 
16 800 
21 600 
44 200 

32 200 
24 400 
12 000 



46 000 



25 200 
18 000 



32 800 
34 500 



43 800 
46 000 



67 800 
43 800 
25 200 



83 700 
65 800 
37 800 



Tensile 



Tensile 
Tensile 
Tensile 
Tensile 

Tensile 
Tensile 
Tensile 
Tensile 
Tensile 
Tensile 

Tensile 
Tensile 
Tensile 
Tensile 



Shear 
Shear 
Shear 
Shear 
Shear 

Shear 
Shear 
Shear 



Shear 
Shear 
Shear 
Shear 
Shear 
Shear 
Shear 

Shear 
Shear 
Shear 



Shear 



Shear 
Shear 



Shear 
Shear 



Shear 
Shear 



Shear 
Shear 
Shear 



Tensile 

Shear 

Shear 



40 500 



4r 200 

38 000 

23 800 

17 100 

27 100 

24 800 

27 200 

18 300 

14 300 
17 300 

25 900 

28 500 
11 600 

15 900 



9 000 
7 400 
4 000 
6 700 
4 400 

11 700 
9 000 
10 400 



12 100 
9 400 

11 500 
8 000 

8 500 

9 400 
11 300 

8 800 
8 200 
7 000 



15 500 



8 600 
7 600 



7 800 

9 eoo 



10 400 
9 900 



14 200 
12 400 
9 700 



17 700 
14 600 
10 100 



Tensile 



Tensile 
Tensile 
Tensile 
Tensile 

Tensile 
Tensile 
Tensile 
Tensile 
Tensile 
Tensile 

Tensile 
Tensile 
Tensile 
Tensile 



Tensile 

Tensile 

Shear 

Tensile 

Shear 

Tensile 
Tensile 
Tensile 



0.57 



.42 

.37 
,23 
17 

41 

.37 
.39 
,27 
.21 
.25 



0.35 
0.39 
0.16 
0.33 



0.40 
0.32 
0.48 

0.34 
0.26 
0.47 



Tensile 
Tensile 
Tfpsile , 
Tensile ' . _ 
Rivet fiaens 0.51 



0.26 
0,20 
0.20 
0.13 



Tensile 
Tensile 

Tensile 
Tensile 
Shear 



Tenflile 



Tensile 
Tensile 



Tensile 
Tensile 



Tensile 
Tensile 



Tensile 
Tensile 
Tensile 



Tensile 
Tensile 
Tensile 



0.44 
0.26 

0.27 
0.34 
0.58 



0.34 



0.34 
0.42 



0.24 
0.28 



0.24 
0.22 



0.21 
0.28 
0.38 



0.21 
0.22 
0.27 



Based upon values for enearlng, bearing, and tensile strengths ae included in Structural Handbook 
(1940 edition). 
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TABLE III (cont'd) 

COMPARISON OF THE STATIC AND 7AT1GUE STRENGTHS OF 
THE VARIOUS TYPES OF SFEClimS TESTED 

Maximum Stress 



19 



01 

Speci- 
men 



Sketch 



Plate 
Material 



lole 
E^iameter, 
in. 



jriving 
Condition 



"Computei 
Strengtht 
lb 



Failure 



Strength 
at 2xI06 
Cycles, 
lb 



Failure 



Butt Joints : 









1 

J_ 







nm 



cm 



oio 







Si 


1 






i 


|o < 
o c 

ISi 


ii 





nm 






ootoo 






\ 




\ 








..J... 


A 





17S-.T 



17S-T 
17S-T 
17S-T 



17.S-T 



17S-T 
17S-T 
17S-T 



17S-T 



17S-T 
17S-T 
17S-T 
17S.T 
17S-T 
17S-T 

-53S-.T 
53S-T 
53S-T 



17S-T 



17S-T 



17S-T 
53S-T 



17S-T 
17S-T 
17S-T 



17S-T 
17S-T 
17S-T 



17S-T 



17S-T 
17S-T 



17S-T 



41/64 



17S.Tfln 2-1/2 
17S-TPin 1-1/2 
17S-TPin 1 



17S-T 



17S-T 
17S-T 
17S-T 



a/32 



41/64 
33/64 
25/64 



17S-THI1S 1-1/4 



17S-T 
17S-T 
Steel 
17S-T 
17S-T 



41/64 
21/32 
21/32 
33/64 
25/64- 



17S-TBcais 5/8 



53S-VV 
53S-W 
53S-W 



17S-T 



17S-T 



17S-T 
53S-W 



17S-T 
17S-T 



17S-T 
17S-T 
Steel 



17S-T 



17S-T 
17S-T 



41/64 
21/32 
25/64 



41/64 



41/64 



25/64 
25/64 



41/64 
33/64 
25/64 



41/64 
21/32 
21/32 



17/64 



33/64 
25/64 



Cold 


16 


800 


Cold 


67 


500 


Cold 


40 


500 


UOlQ 


oc 
CO 


6UU 


Hot 


33 


400 


Cold 


33 


600 


Cold 


27 


100 


Cold 


16 


800 


L>oia 






Cold 


67 


200 




66 


fton 


no u 


70 
I yj 


7nn 
» uu 


Cold 


54 


200 




oo 


0\J\J 




67 


500 


tJOlQ 


ACL 




Hot 


35 


400 


Cold 


23 


000 


Cold 


67 


200 


Cold 


46 


400 


Cold 


50 


400 


Cold 


36 


000 


Cold 


74 


100 


Cold 


81 


600 


Cold 


67 


200 


Cold 


148 


300 


Hot 


146 


400 


Hot 


146 


400 


Cold 


72 


600 


Cold 


81 


600 


Cold 


89 


200 



Bearing 



Bearing 
Bearing 
Bearing 



Bearing 



Bearing 
Bearing 
Shear 



Bearing 



Bearing 

Bearing 

Bearing 

Bearing 

Shear 

Bearing 

Bearing 
Bearing 
Shear 



Bearing 



Shear 



Shear 
Shear 



Tensile 
Tensile 
Shear 



Tensile 
Tensile 
Tensile 



Tensile 



Tensile 
Tensile 



8 600 



11 800 
14 100 
13 800 



13 000 



17 700 
13 900 
7 700 



22 600 



17 600 

20 100 
6 800 

21 400 
14 400 
26 800 

14" 100 
19 200 
12 800 



8 600 



17 700 
11 900 



22 000 
22 300 
14 500 



26 200 
32 400 
15 400 



11 500 



19 300 
13 700 



Shear 



Tensile 
Tensile 
Tensile 



Tensile 



Tensile 
Tensile 
Tensile 



Tensile 



Tensile 

Tensile 

Tensile 

Tensile 

Shear 

Tensile 

Tensile 
Tensile 
Shear 



19 800 Tensile 



Tensile 0.19 



Tensile 
Tensile 



Tensile 
Tensile 
Tensile 



Tensile 
Tensile 
Tensile 



Tensile 



Tensile 
Tensile 



* Based upon values for shearing, bearing, and tensile etrengtne as included in Structural Handbook 
(1940 edition) . 



Type of 
Speclioen 



(1) 



TABLE IV 

STRESS CONCBITRATIOB FACTORS FOR 17S-T BUTT JODfTS CONTAINIIIG 17S-T RIVETS, PINS OH BOLTS 



Rlvte. Bolta or Pins 



Diameter, 
in. 



(2) 



Nuj|ib«r 
Each Side 
of Joint 

(5) 



DriTing 
Condition 



(4) 



Hole 
DiAoeter, 
in. 

(5) 



Proportiona of Joint 



Width 
P«r Hole, 
in. 

(6) 



RAtie 
Digmeter 
Width 



(7) 



Fatigue Strength of Joints, pai 
(Are rage Stress on Met ilpea) 



10* 
Cycles 

(8) 



2x10® 
Cycles 

(9) 



10' 
Cycles 

(10) 



Stress Concentration Factors 

FroB Fatigue Strengths# 



10' 
Cycles 

(U) 



2x10^ 
Cycles 

(12) 



10' 
Cycles 
(13) 



From Mathematical Analysis and 
Photoelastic Measurements* 



10^# 
Cycles 
(U) 



2x10^ 
Cycles 

(15) 



10' 
Cycles 

(16) 



Q-1 
Q-2 

U 

U-1 
U-1 

u-1 

U-2 

M 

M 
M 
M 



(Solid specimen with open hole) 



5/8 rivet 

2-1/2 pin 

5/8 rivet 
S/8 rivet 
1/2 rivet 
3/8 rivet 
1-1/4 pin 

5/8 rivet 
5/8 rivet 
1/2 rivet 
5/8 bolts 

3/8 rivets 



1 


Cold 


1 


Cold 


2 


Hot 


2 


Cold 


2 


Cold 


2 


Cold 


2 


Cold 


4 


Cold 


4 


Hot 


4 


Cold 


4 




6 


Cold 



21/52 

41/64 

2-1/2 

21/32 
41/64 
35/64 
25/64 
1-V4 

41/64 

21/52 
53/64 

5/8 

25/64 



7-1/2 

7-1/2 
7-1/2 

3-3/4 
5-3/4 
5-5/4 
3-3/4 
5-3/4 

1-7/8 
1-7/8 
1-7/8 
1-7/8 

1-1/4 



0.09 

0.09 
0.33 

0.17 
0.17 
0.14 
0.11 
0.33 

0.54 

0.55 
0.28 
0.55 

0.51 



17 600 



6 300 
16 400 



15 500 



29 800 

26 600 
28 600 
25 500 
50 700 

22 600 



9 900 

5 000 
9 400 

8 400 
11 400 
8 600 
4 600 
18 100 

14 500 
16 500 

15 700 
21 400 

15 700 



9 800 

4 200 

8 000 

6 500 

9 400 

7 200 
4 000 

13 500 

10 700 
12 500 

12 300 

13 000 

10 500 



2.8 



7.7 
2.9 



3.2 



1.6 

1.8 
1.7 
1.9 
1.6 

2.1 



5.6 

7.4 

3.9 

4.4 

3.2 
4.3 

8.0 
2.0 

2.5 
2.2 
2.5 
1.7 

2.7 



7.1 
5.8 

4.8 
3.2 
4.2 
7.5 
2.2 

2.8 
2.4 
2.4 
2.3 

2.9 



2.0 



5.9 
2.7 



3.5 



2.1 

2.0 
2.0 
2.4 
2.1 

2.1 



2.5 

9.0 
3.7 

4.9 

5.0 
5.6 
6.8 
2.7 

2.6 

2.5 
3.2 
2.7 

2.8 



2.7 

9.7 
4.0 

S.S 
5.4 
6.0 
7.4 
2.9 

2.8 
2.7 
5.4 
2.9 

5.0 



# These stress concentration factors were determined by cos^jaring the fatigue strength of the specimens to the foUowing fatigue strengths of the plate material 

(Pig. 1): 46 400, 56 800 and 30 000 pai for 100 000, 2 000 000 and 10 000 000 cycles of stress, respectively. 

♦ The factor for the type G specimen was detennined from formulas in reference 17; all other values were determined from photoelastic tests described in reference 15. 

Factors for specimens with two or more riTete were determined by taking 80 per cent of the corresponding value for a single rivet, a procedure suggested in 
reference 15 for the case of two rivets. 

## The factors in these two colunnS are adjusted for plastic action in accordance with an empirical method suggested in reference 16. No adjustment was necessary for 
the factors at 10' cycles beeanse all stresses are within the elastic range. 



o 



o 



S8 

► 



W5 



Cycles 



-SV*-01d not fall 



10' 



108 



Ratio Mia, etrese ^ ^ 



Max. stress 

figure 1.- Direct-stress fatigue cirve for 17S-T rolled rectangular bar (1" r 7.5"). 




Figure 8.- Single plate suid lap joint fatigue test specimens. 
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Figure 3.- Butt joint fatigue test specimens. 
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Fig. 5 
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Fig. 6 
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Figure 9.- Typical fracture of type M specimen with failure in cover plate, 
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40,000 



30,000 



20,000 



10,000 




Cold-driven 17S-T rivets 
O 5/8" diameter 
U 1/2" " 
n 3/8^ " 
Did not fail 



Figure 10.- Direct-Btreee fatigue curves for riveted joints. Type H, 178-T plate, and 17B'T rivets. 



40,000 



30,000 



05 30,000 



10,000 




'4D 



4^ 



Cycles 

O Cold-driven 17S-T rivets — ^^^'^ 

Figure 11.- Direct-streve fatigue curve of riveted Joints. Type T, 17S-T plate, and 178-T rivets. 
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O Cold-driven 17S-T rivets » Did not fail 

Figure 12.- Direct-et rees fatigue curve of riveted joints. Type j-1, 17S-T plate, and 17S-T rivets. 



